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ABSTRACT 
Abstract of project report presented to the supervisor and examiners of Universiti 
Putra Malaysia in partial fulfilment of the requirement for the degree of Master of 
Innovation and Engineering Design 
 
CONCEPTUAL DESIGN OF WIND ACCELERATING DEVICE FOR 
SMALL VAWT 
By 
AHMAD NIZAM BIN JAMALUDIN 
JANUARY 2014 
 
Supervisor : Associate Professor Dr Faizal Mustapha 
Faculty : Engineering 
 
A conceptual design of wind accelerating device was developed for small VAWT 
wind turbine with the objective of improving incoming wind speed before reaching 
and subsequently hitting the turbine blades. Low wind speed particularly in Malaysia 
need to overcome in order to improve the wind turbine efficiency in harvesting 
potential wind energy into electricity.  In this thesis, the Theory of Inventive Problem 
Solving (TRIZ) was used in order to produce an idea in generating solutions to the 
problem. TRIZ contradiction matrix and 40 inventive principle solution tools has 
been applied in the early stage of solution generation. Based on the general solutions, 
the most relevant principles with respect to the design intent are selected as a 
guideline to develop the device.   Two different concepts with working condition 
similar to wind vane are designed using CAD software (CATIA), focussing 
particularly on the main part namely head of the wind accelerating device. In 
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addition, the device is also designed with the intention of sharing the same pole of 
the VAWT wind turbine. The performance of the device was further analysed using 
CFD method (ANSYS) with various wind speed with the aim of increasing incoming 
wind speed after passing through the wind accelerating device.  
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ijazah Master Inovasi dan Rekabentuk Kejuruteraan 
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SMALL VAWT 
Oleh 
AHMAD NIZAM BIN JAMALUDIN 
JANUARI 2014 
Penyelia : Associate Professor Dr Faizal Mustapha 
Fakulti : Kejuruteraan 
 
Satu reka bentuk konsep peranti mempercepatkan angin telah dibangunkan untuk  
turbin angin VAWT yang kecil dengan matlamat untuk meningkatkan kelajuan angin 
yang masuk sebelum menghampiri dan kemudiannya memukul bilah turbin. 
Kelajuan angin rendah terutamanya di Malaysia perlu diatasi untuk meningkatkan 
kecekapan turbin angin dalam penuaian tenaga angin yang berpotensi menjadi tenaga 
elektrik. Dalam tesis ini , Teori Penyelesaian Masalah Inventif ( TRIZ ) telah 
digunakan untuk menjana idea dalam menghasilkan penyelesaian kepada masalah. 
TRIZ matriks percanggahan dan 40 alat penyelesaian prinsip berdaya cipta telah 
digunakan dalam peringkat awal penyelesaian kepada masalah. Berdasarkan 
penyelesaian umum, prinsip-prinsip yang paling relevan dengan niat reka bentuk 
dipilih sebagai satu garis panduan untuk membangunkan peranti. Dua konsep yang 
berbeza dengan keadaan bekerja menyamai penunjuk angin ini direka menggunakan 
perisian CAD (CATIA), tumpuan khususnya kepada bahagian utama iaitu kepala 
kepada peranti mempercepatkan angin. Di samping itu, peranti ini juga direka 
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dengan niat untuk berkongsi tiang yang sama daripada turbin angin VAWT. Prestasi 
peranti ini seterusnya dianalisis menggunakan kaedah CFD ( ANSYS ) dengan 
kelajuan angin masuk yang pelbagai dengan tujuan untuk meningkatkan kelajuan 
angin masuk selepas melalui peranti mempercepatkan angin.  
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CHAPTER I 
INTRODUCTION 
1.1 Introduction 
 Wind is a clean and renewable source of energy and has fewer impact on 
environmental as compared to other energy sources. Nowadays, green or sustainable 
energy becomes very popular topic due to earth’s natural source of energy is getting 
expensive and the source are getting lower and lower due to high usage. The 
development of wind turbine grows rapidly and has been used in developed countries 
to produce an alternative energy. Wind turbine uses free wind captured from its 
surrounding and converted the kinetic into electrical energy. Wind turbine can be 
divided into two categories determined by the position of the rotating shaft of the 
wind turbines. Generally, there are two type of wind turbine called HAWT 
(Horizontal Axis Wind Turbine) and VAWT (Vertical Axis Wind Turbine).  
 Even though there is no doubt the sustainable energy is very important for 
developing country like Malaysia, the efficiency of the wind turbine generating 
electricity is depending on the location of the wind turbine itself. Generally wind 
turbine need a suitable place as the physical properties of the land differs from one 
place to another.  Wind in urban areas is very low as compared to rural areas because 
of it surrounding. Buildings affect the wind due to their size, shape and spacing in 
between building. Tall buildings provide frictional drag on the air movement and will 
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creates turbulence, which gives rapid changes in wind direction and speeds of the 
wind.  
 
1.2 Problem Statement 
Wind in Malaysian is generally light and unsteady, as most of the mainland 
experiences low wind speed which is less than 4 m/s for more than 90% of total wind 
hours (Chong, Fazlizan, Poh, Pan, & Ping, 2012a).  Vertical Axis Wind Turbine is 
said to be one of the ways to overcome this problems due to its advantages of able to 
operate with low wind speed and able to rotate from any wind direction as compared 
to Horizontal Axis Wind Turbine. The cut-in speed or the speed at which the turbine 
first starts to rotate and generate power is typically between 3 and 4 metres per 
second. The current wind turbine in the market today is designed for high wind speed 
and this will complicates the application of wind turbine in Malaysia. Thus, wind 
energy generation using wind turbine need to overcome this disadvantage. 
Power output generated by wind turbine is proportional to the wind speed 
cubed. The possibility to create a slight improvement of the approaching wind before 
it reach to a wind turbine could increase a significant output of wind velocity. The 
power output of the wind turbine can be increased substantially by utilizing the 
nature of fluid dynamic on the local wind velocity.  Therefore, it is essential to 
integrate wind turbine systems with wind accelerating device for low windy areas. 
This, the focus of the study is to introduce a conceptual design of wind accelerating 
device that can improve the wind speed for Vertical Axis Wind Turbine. 
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1.3 Objectives of the project 
The objectives of this project are: 
i. to design a wind accelerating device for small VAWT 
ii. to investigate the effect of the wind accelerating device towards local wind 
velocity before approaching the turbine blade 
1.4 Scope of the project 
The conceptual design of wind accelerating device will be developed in order to 
achieve the stated objectives; the scopes that need to be considered are as follows:  
i. To determine the wind velocity value for Malaysia areas  
ii. To generate a design in 3D CAD model of the wind accelerating device using 
CATIA software  
iii. To apply TRIZ methodology towards problem solving in concept design 
development of wind accelerating device  
iv. To observe the distribution of local wind velocity in between the wind 
accelerating device and wind turbine using flow analysis (CFD method)   
 
4 
 
1.5 Thesis Layout 
This thesis consists of six chapters: 
i. Chapter I: Introduction 
The chapter briefly describes about the introduction of wind energy and wind 
accelerating device for VAWT, the problem statement, the objectives and the 
scope of study for this project.  
 
ii. Chapter II : Literature Review 
Chapter II consists of the numerous aspects about the project. It is discussing 
the classification, advantages and disadvantages of wind turbine, wind turbine 
in urban areas, wind energy resources in Malaysia, previous research to 
improve wind turbine efficiency and application of TRIZ in problem solving..  
 
iii. Chapter III :  Methodology 
In this chapter, the flow chart of the project is illustrated and described 
generally. The flow chart starts with literature review, application of TRIZ in 
problem solving, 3D modelling, CFD analysis and finally the final concept 
design.   
 
iv. Chapter IV : Result and Discussion 
Chapter IV consists of the result carried out from application of TRIZ 
methodology towards the generation of conceptual design of wind 
accelerating device. The device was then developed using CATIA software. 
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CFD analysis to evaluate the velocity performance with the aim of increasing 
wind speed after passing through the proposed design will be obtained using 
ANSYS software.  The result of the outlet velocity from the device and 
potential energy that could be harvested by VAWT wind turbine is discussed 
and the percentage of improvement is estimated. 
 
v. Chapter V : Conclusion 
Chapter V concludes the results and discussions of this project, towards 
achieving the objectives. Some recommendations are included for future 
study purposes. 
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CHAPTER II 
LITERATURE REVIEW 
2.1 Wind Turbine 
2.1.1 Introduction 
Renewable energy resources has been around for decades and now becoming 
the popular source of energy due to recent world energy crisis and global emission of 
gases emitted by human activities. There are different renewable energy resources 
including biomass, solar, geothermal, and hydroelectric and wind. The kinetic energy 
from the wind can be converted into electrical energy by using a device called wind 
turbine. Apart from sustainable supply of energy, wind power is clean and cheap, 
thus causes the rapid growth of the use of wind power as an alternative source of 
energy to countries like Europe, Asia and North America (Alnasir & Kazerani, 
2013).   
Extensive research by universities, companies and research institution has led 
the development of numerous innovative designs of wind turbine for generating 
electrical energy. According to Global Wind Energy Council (GWEC), 44GW 
capacity of wind turbine has been installed all over the world in 2012 (Anonymous, 
2013a). Asia has a lot of potential to grow and China are targeting to installed 150 
GW of wind power by 2020 (Anonymous, 2013b). Table 1 shows the recent 
deployment growth compared with clean energy targets (Roy & Saha, 2013).  
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Table 1 : Recent deployment growth compared with clean energy targets (Roy & Saha, 2013)
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2.1.2 Classification, Advantages and Disadvantages of Wind Turbine 
Wind turbine can be classified according to horizontal or vertical of shaft or 
rotor orientation. At present there are two primary types of wind turbines namely 
Horizontal Axis Wind Turbine (HAWTs) and Vertical Axis Wind Turbine 
(VAWTs). Historically, VAWTs itself has two different type of turbine with 
different operating principle. Darrieus turbine uses a lift forces, whereas the drag 
force acting on the blade of Savonius causing the rotor to rotate, hence generate 
electricity (M. Islam, Ting, & Fartaj, 2008). Figure 1, 2 and 3 illustrates the types of 
VAWTs.   
Among the differences between these two types of turbine, VAWTs are 
design for low wind speed without yaw mechanism (Ross & Altman, 2011), 
operating with wind from any direction and mounted with the rotating shaft in 
vertical direction. Although HAWTs is well known as a common type of wind 
turbine, another merits factor of VAWTs is due to the economical factor such as low 
cost, easy installation and maintenance (Feng, Li, Li, & Xu, 2012).  Table 2 
summarizes the comparison of VAWTs and HAWTs of their advantages and 
disadvantages (Aslam Bhutta et al., 2012). 
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Figure 1 : Savonius VAWTs (M. Islam et al., 2008) 
 
 
Figure 2 : Curved-bladed Darrieus VAWTs (M. Islam et al., 2008) 
